In a provocative paper, Møller & Erritzøe (M&E) [1] claim that Danish birds with relatively larger brains have a lower risk of being shot by hunters. They point out that this result is consistent with studies showing that brain size is positively associated with behavioural fitness traits such as feeding innovation and song complexity. Thus, it is conceivable that natural selection has led to relatively large-brained individuals within hunted species becoming more adept at avoiding hunters with guns. Or, more generally, birds with relatively large brains for whatever reason might be better able to avoid being shot by hunters. Unfortunately, flaws in their analysis negate this conclusion.
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In a provocative paper, Møller & Erritzøe (M&E) [1] claim that Danish birds with relatively larger brains have a lower risk of being shot by hunters. They point out that this result is consistent with studies showing that brain size is positively associated with behavioural fitness traits such as feeding innovation and song complexity. Thus, it is conceivable that natural selection has led to relatively large-brained individuals within hunted species becoming more adept at avoiding hunters with guns. Or, more generally, birds with relatively large brains for whatever reason might be better able to avoid being shot by hunters. Unfortunately, flaws in their analysis negate this conclusion.
Specimens representing 197 species (n ¼ 3781) that had been brought to a taxidermist between 1960 and 2015 from the area surrounding Christiansfeld, Denmark were scored for whether they had been shot or they had died from other (undescribed) causes, age, sex, brain mass, body mass and body condition; no methods were described. A large number of species (158) that are not hunted formed the bulk of the sample (3513 of 3781 individuals), and included creepers, a crossbill, cuckoos, finches, a firecrest, gulls, herons, a jay, a king parrot, a kingfisher, larks, a magpie, a nuthatch, Old World warblers, pipits, a robin, sparrows, swallows, a swift, tits, a waxwing, woodpeckers, a wren; within this group there were 3391 non-shot individuals and 122 shot individuals (85 of which were from three corvid species; see below). Of the 39 potentially hunted species, 24 species lacked both individuals that had been shot and individuals that died from other causes (eight species lacked any individuals that had been shot and 16 species lacked individuals that died from other causes (electronic supplementary material, appendix)), leaving 15 species that were relevant for analysis. There is no point in including species that are not hunted, or species lacking both shot and non-shot individuals, as they do not address the hypothesis or stated objectives of the study. The 183 (93%) extraneous species serve only to increase sample sizes and inflate statistical significance.
We analysed these 15 species following M&E's model structure (see [1] : table 1), although this disregards issues of high collinearity between body mass and brain size. Briefly, we performed a binomial generalized linear mixed-effects model to quantify the relationships between brain size, body mass, age and sex, and the probability of being shot (R package lme4, [2] ; see electronic supplemental material for code to reproduce all analyses, and discussion of why we believe the least-squares model used by M&E is inappropriate). Additionally, we estimated the relationships between shot or not, sex and age, and their three-way interaction on residual brain size (derived from the linear regression of log body mass predicting log brain size) in a Gaussian linear model. Species identity was included as a random factor in both models and post hoc group contrasts were estimated (R package multcomp, [3] ). The question posed by M&E is best tested by considering brain size variation within species, whereas their analysis conflated within-and among-species variation. Hence, we present single-species binomial generalized linear models of the effects of body mass, sex and brain size on the probability of being shot, for the three commonly hunted species with the largest sample sizes, ring-necked pheasant (Phasianus colchicus, n ¼ 38), Eurasian woodcock (Scolopax rusticola, n ¼ 56), and common eider (Somateria mollissima mollissima, n ¼ 14). To evaluate the possibility that brain size per se influences the probability of being shot, we analysed three passerine species with largest sample sizes, the jay (Garrulus glandarius glandarius, n ¼ 48), hooded crow (Corvus cornix, n ¼ 44) and magpie (Pica pica pica, n ¼ 32). The latter three species are from the avian corvid assemblage, which is universally acknowledged to be among the most intelligent of birds, and hence provides a strong test of whether birds with relatively large brains avoid being shot.
We found no statistical relationship between the probability of being shot and brain size while accounting for body mass for the 15 game species (effect of brain size b ¼ 25.48, s.e. ¼ 3.18, z-value ¼ 21.72, p-value ¼ 0.09; electronic supplementary material, figure S1 ). However, because big birds have large brains, a better approach was to analyse residual brain size by age and sex, which was not evaluated by M&E, and these results also show no difference in relative brain size between individuals that were shot and those that died from other causes (table 1 for withingroup contrasts; figure 1 ). M&E analysed a larger set of potentially hunted species, and reported that the probability of being shot was related to brain size. However, their analysis included species that lacked both individuals that had been shot and those that died from other causes, and therefore this analysis is biased.
Within hunted species, the relationship claimed by M&E is not supported for ring-necked pheasant (effect of brain size b ¼ 6.04, s.e. ¼ 9.55, z-value ¼ 0.633, p-value ¼ 0.527; electronic supplementary material, figure S2) The premise that 'Hunting in Denmark is mainly performed by hunters finding and flushing birds and mammals rather than all animals being driven towards hunters' is misleading because some of the hunted species (e.g. geese, ducks, mergansers, doves) are shot by decoying flocks either in Denmark or elsewhere in Europe (R. J. Gutiérrez 2017, personal communication); in addition, some harvested pheasants are farm-raised birds shot in 'drives'. Based on 40 years of experience in museums, the senior author (R.M.Z.) can attest that specimens sent for taxidermy are not a random sample of available specimens. It is also common knowledge that hunters do not bring 'average' birds to a taxidermist; instead they bring the most colourful examples and those in the best condition, which tend to be larger and hence males. For example, of the 25 shot ringnecked peasants brought to the taxidermist, 22 (88%) were adult males (roosters). For the waterfowl specimens that were shot, 39 were adult males (66%) and 11 (19%) juvenile males. Hence, the dataset itself is a biased sample of birds and brain sizes, even in the hunted environment.
We maintain that M&E's conclusion that 'The probability of getting shot decreased almost 30-fold when brain mass increased almost 87-fold' is an artefact of the inclusion of species that are not hunted, species lacking both individuals that were shot and ones that died from other causes, bias in samples brought to taxidermists, and conflation of withinand among-species effects. We find no evidence that relatively large-brained individuals are less likely to be shot, and we suggest that the lack of a relationship in the corvids is especially significant. We also note that hunters represent 3.3% of the Danish population (http://www. face.eu/sites/default/files/denmark_en_2.pdf ), and in other countries, the percentages vary (Sweden 3.2%, Norway 4.8%, Finland 5.8%, France 1.8%, Austria 1.4%, Germany 0.4%, Poland 0.2%). However, a large fraction of these hunters pursue ungulates. Therefore, shotgun hunting is unlikely to constitute a significant selective factor, and indeed, we found no evidence for hunting-induced selection for brain size in birds. Figure 1 . Plot of residuals of log brain mass versus log body mass in 15 hunted species showing no difference between individuals that were shot and not shot, thereby negating the conclusion that natural selection has led to individuals with relatively larger brains being better able to escape being shot by hunters.
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